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SUMMARY 

Five t e s t  vehic les  were air-launched from an F-104A a i rp l ane  t o  inves t iga t e  
some of t h e  opera t iona l  aspec ts  and t h e  p r a c t i c a b i l i t y  of using t h e  energy input 
of t h e  a i rp l ane  as a f i r s t - s t a g e  booster f o r  sounding rockets.  The concept used 
i n  t h e  t e s t  proved t o  be p r a c t i c a l .  
developed and matched t o  t h e  a i r p l a n e ' s  c a p a b i l i t i e s  so  t h a t  s u i t a b l e  repeat-  
a b i l i t y  of launch parameters was a t t a ined .  
airplane-rocket combination were a recoverable f i r s t - s t a g e  booster,  a means of 
cont ro l l ing  t h e  f l i g h t  parameters a t  second-stage ign i t i on ,  and a h ighly  f l e x i b l e  
launch s i t e  t h a t  can be loca ted  anywhere within t h e  a i r c r a f t ' s  range. 

A launch maneuver and launcher system were 

The apparent b e n e f i t s  provided by an 

INTRODUCTION 

A need e x i s t s  f o r  a r e l a t i v e l y  inexpensive, bu t  highly f l e x i b l e ,  means of 
making atmospheric measurements a t  a l t i t u d e s  above the normal l i m i t  for weather  
balloons (100,000 ft) and below t h e  minimum s a t e l l i t e  o r b i t s  (500,000 f t ) .  
measurements a r e  of spec ia l  i n t e r e s t  t o  t h e  NASA F l igh t  Research Center a t  
Edwards, Calif.,  inasmuch as X-15 research a i rp l ane  f l i g h t s  a r e  being made i n t o  
t h i s  atmospheric region. A more accurate knowledge of t he  atmosphere would 
enhance t h e  ana lys i s  of t h e  X-15 f l i g h t  data,  thus  increasing t h e  value of t h e  
da t a  f o r  f u t u r e  f l i g h t  programs. 

Such 

I Computational s tud ie s  of t h e  performance c a p a b i l i t i e s  of sounding rockets 
launched from high-performance m i l i t a r y  a i r c r a f t  showed t h a t  use of t h e  a i r c r a f t  
eliminated t h e  need f o r  an  expensive f i r s t - s t a g e  rocket booster and a l s o  pro- 
vided a means of con t ro l l i ng  t h e  f l i g h t  parameters a t  second-stage i g n i t i o n .  An 
add i t iona l  advantage w a s  t h e  f l e x i b i l i t y  of a launch si te,  i n  t h a t  it could be 
located anywhere within t h e  range of t h e  launch a i r c r a f t .  The s tud ie s  showed 
t h a t  a s ing le-s tage  Viper rocket launched from an  F-104A a i rp l ane  could reach an 
a l t i t u d e  of about 800,000 f e e t ,  which i s  competitive with t h e  a l t i t u d e  a t t a i n e d  
by t h e  two-stage Nike-Asp sounding rocket.  Similarly,  two-staged Altair rockets 
when properly launched from an F-104A a i rp l ane  could reach a l t i t u d e s  of over 



6,000,000 f e e t ,  which i s  equivalent t o  t h a t  a t t a i n e d  by four-stage sounding 
rockets such as t h e  Honest John-Lance-Lance-Altair combination. The a i r  launches 
appeared t o  be ab le  t o  send a payload t o  a l t i t u d e s  above 100,000 f e e t  f o r  about 
one-third the  cos t  of ground-launched sounding rockets .  

A s  a r e s u l t  of these  s tud ies ,  a l imi ted  f l i g h t  t e s t  program w a s  conducted 
a t  t h e  F l igh t  Research Center using an F-104A a i rp l ane  t o  a i r  launch a Viper I - C  
rocket.  Some of t h e  operational aspec ts  and the  p r a c t i c a b i l i t y  of using t h e  
energy input of t h e  a i rp l ane  as a f i r s t - s t a g e  boos te r  were inves t iga ted .  
paper discusses t h e  launcher system, t h e  th ree  d i f f e r e n t  launch techniques 
developed, and the  problems encountered during t h e  program. 
f i v e  rocket launches a r e  presented. 

This 

Data obtained from 

SYMBOLS 

an normal acce lera t ion ,  g u n i t s  

g acce le ra t ion  due t o  grav i ty ,  f t / s e c  2 

pressure a l t i t u d e ,  f t  hP 

M Mach number 

t time, see 

a angle of a t t ack ,  deg 

B angle of s i d e s l i p ,  deg 

Y f l i gh t -pa th  angle, deg 

TEST APPARATUS 

Airplane and Launcher System 

The a i rp l ane  used i n  t h i s  i nves t iga t ion  w a s  an F-104A, S / N  60749 ( f i g .  l), 
which had been modified by t h e  manufacturer f o r  a s e r i e s  of a i r - launch  t e s t s  i n  
an e a r l i e r  prototype weapons-systems program. The modification en ta i l ed  provi- 
s ions  f o r  a hydraul ica l ly  actuated MB-1 launcher rack which, when r e t r ac t ed ,  i s  
almost f l u s h  with t h e  fuselage of t h e  a i r c r a f t .  A modified Sidewinder launcher 
rack ( f i g .  2), with appropriate e l e c t r i c a l l y  actuated l inkage t o  provide a 
downward 8" angle between t h e  rocket and a i rp l ane  longi tudina l  axes, w a s  a t tached  
t o  the  MB-1 rack. This negative angle w a s  p re-se t  f o r  t he  a i rp l ane  angle of 
a t t a c k  of about 8" a t  launch, i n  order t o  provide 0" angle of a t t a c k  f o r  t he  t e s t  
vehicle.  S t r u c t u r a l  ana lys i s  of t h i s  combination of launcher racks indicated 
t h a t  t h e  launch c a p a b i l i t i e s  were compatible with t h e  performance envelope of t h e  
a i r c r a f t .  Both racks operated simultaneously, extending t h e  rocket approximately 
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5 f e e t  beneath the  F-104A as shown i n  f igu re  3. 
s u f f i c i e n t  t o  prevent rocket exhaust from enter ing the  a i rp l ane  engine i n l e t  and 
possibly i n i t i a t i n g  engine malfunction. Both rocket s l i ppe r  lugs s l i d  off  
simultaneously from the  two launcher ra i l s  t o  achieve zero t i p - o f f  of t h e  t e s t  
vehic le .  To accomplish t h i s ,  t h e  rails, of equal length,  were stepped, as shown 
schematically i n  f igu re  4.  A shear b o l t  res t ra ined  the  rocket on the  launcher 
u n t i l  a t h r u s t  l e v e l  i n  excess of 1,000 pounds w a s  a t t a ined .  

This separat ion and angle were 

~ 

1 

Another item of spec ia l  equipment i n s t a l l e d  i n  the  F-104A w a s  a modified 
F-100C a i rp l ane  M-2 low-al t i tude bombing system (LABS) f o r  automatical ly  
launching the  sounding rocket a t  t he  proper a i rp lane  p i t ch  angle.  

1 Second-Stage Vehicle 

The second-stage vehicle  consis ted of a so l id- fue l  rocket motor with four  
s t a b i l i z i n g  f i n s  a t  t h e  r e a r  and a payload nose sec t ion  which screwed on t o  t h e  
threaded attachment r ing  a t  the  forward end of t he  motor. The t e s t  vehicle  w a s  
mounted on a launcher ra i l  suspended beneath t h e  fuselage of the  F-104A a i rp l ane .  
The loca t ion  of t h e  second-stage vehicle  on the  a i rp l ane  i s  shown i n  f igu re  1. 

Two bas ic  configurat ions (designated model A and model B) were used during 
t h i s  i nves t iga t ion .  Both models were s t ab i l i zed  by a cruciform aluminum-fin 
configurat ion t h a t  incorporated a 10"-wedge angle f o r  s t a b i l i t y  a t  hypersonic 
ve loc i ty .  The leading edges were machined Inconel caps f o r  pro tec t ion  a t  high 
aerodynamic-heating condi t ions.  Figure 4 gives  t h e  bas ic  dimensions of each ' model, including the  ove ra l l  vehicle  spec i f ica t ions .  

Rocket motor.- The rocket motor used i n  t h i s  inves t iga t ion  w a s  t he  so l id-  
, propel lant  motor, 5.6KS5400, manufactured by the  Grand Central  Rocket Co. This 
1 production motor, commonly known as t h e  Viper I - C ,  has a h i s t o r y  of exce l len t  

s a fe ty  and r e l i a b i l i t y  and could, with a minimum amount of t e s t ing ,  be considered 
acceptable  f o r  air-launching from manned a i r c r a f t .  

I The nominal c h a r a c t e r i s t i c s  f o r  t h i s  motor, based on reference 1, a r e :  

~ 

Performance a t  sea leve l ,  60" F . . . . . . . . . . . . . . . . . . . . . . . . . . .  Action time, sec 5.6 

I Chamber pressure,  ps ia  777 
Impulse, lb-sec 30,185 
Specif ic  impulse, sec 209 
linpulse/weight, sec 152 

Average th rus t ,  l b  . . . . . . . . . . . . . . . . . . . . . . . . . .  5,395 . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

Weight 
Total  weight, l b  . . . . . . . . . . . . . . . . . . . . . . . . . . .  199.7 
I n e r t w e i g h t ,  l b  . . . . . . . . . . . . . . . . . . . . . . . . . . .  54.6 

Dimensions 
Overall  length,  i n .  . . . . . . . . . . . . . . . . . . . . . . . . .  106.9 
Case outer  diameter, i n .  . . . . . . . . . . . . . . . . . . . . . . .  6.54 
Case-wall thickness,  i n .  . . . . . . . . . . . . . . . . . . . . . . .  0.067 
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The i g n i t e r  used w a s  an e l e c t r i c a l l y  actuated metal-oxidant type which w a s  
inser ted  and hermetically sealed i n t o  t h e  nozzle t h r o a t  of t h e  motor t o  insure  
s a t i s f a c t o r y  operation a t  t h e  low ambient pressures ex i s t ing  a t  high a l t i t u d e .  

Model A second-stage vehic le . -  The model A second s tage  w a s  designed t o  be 
launched almost v e r t i c a l l y  t o  obtain maximum a l t i t u d e s  (800,000 f t )  f o r  
atmospheric-density measurements. 

The nose sec t ion  separated a f t e r  burnout a t  a predetermined time, re leas ing  
a Mylar i n f l a t a b l e  sphere which contained a corner r e f l e c t o r  f o r  sk in  radar- 
tracking purposes. 
i s t i c s  a r e  presented i n  f igu re  5 .  It w a s  planned t o  obtain atmospheric-density 
measurements by ground-tracking t h e  descent of t h e  sphere and computing t h e  drag 
e f f e c t  of t he  atmosphere during i t s  f r e e  f a l l .  Upper-wind measurements would 
a l s o  be obtained from t h e  hor izonta l  t r a n s l a t i o n  of t h e  sphere as a function of 
a l t i t u d e .  

A photo of t h e  Mylar sphere and pe r t inen t  physical  charac te r -  

To f a c i l i t a t e  radar t racking  f o r  space-positioning t h e  launch a i r c r a f t  and, 
a f t e r  launch, f o r  determining t h e  v e h i c l e ' s  t r a j e c t o r y  t o  payload separation, a 
DPN-41 radar beacon and power supply w a s  i n s t a l l e d  i n  t h e  nose sec t ion  of t h e  
rocket .  An umbil ical  connector supplied e l e c t r i c a l  power t o  the v e h i c l e ' s  radar 
beacon u n t i l  launcher-rack extension. Upon extension, t h e  connector automat- 
i c a l l y  disconnected from t h e  nose cone, and t h e  beacon continued operating on 
b a t t e r y  power. A schematic drawing of t h e  model A nose sec t ion  i s  shown i n  
f igu re  6 .  The f i n s  on t h i s  vehic le  were mounted a t  0' angle of incidence. 

Model B second-stage vehic le . -  The model B vehicle w a s  designed f o r  a 
c l a s s i f i e d  experimental scanning device t h a t  telemetered a continuous s igna l  t o  
ground rece ivers  during a f l a t - t r a j e c t o r y  launch i n  which maximum range (160 nau- 
t i c a l  miles) w a s  des i red .  
cated by t h e  Naval Ordnance Test S ta t ion ,  China Lake, Calif. A d e t a i l e d  
d iscuss ion  and t h e  physical c h a r a c t e r i s t i c s  of t h e  vehicle a r e  given i n  r e f e r -  
ence 2 .  
f o r  payload-scanning purposes. 

The nose sec t ion  and payload were designed and fabri -  

The f i n s  on t h i s  vehic le  were yawed 0.25' t o  induce a sp in  r a t e  of 6 rps  

INSTRUMFNTATION 

Launches made i n  t h e  v i c i n i t y  of t h e  F l igh t  Research Center used t h e  
Model I1 radar  a t  t he  Center f o r  a i r c r a f t  vectoring and payload t racking .  
Launches made a t  t h e  Pac i f ic  Missile Range used t h e  FPS-16 and Model I1 radars  
a t  the  Point Mugu N a v a l  A i r  S t a t ion  and San Nicolas I s land .  

The F-104A a i rp l ane  was equipped with standard NASA instrumentation, syn- 
chronized by a common timer, t o  record t h e  following q u a n t i t i e s  pe r t inen t  t o  t h e  

i rocket launch: 

I 

Airspeed and a l t i t u d e  
Angle of a t t a c k  and angle of s i d e s l i p  
Normal acce le ra t ion  



Pitching a t t i t u d e  
Pi tching ve loc i ty  

Airplane p i t c h  a t t i t u d e  w a s  obtained from t h e  v e r t i c a l  gyroscope of t he  
LABS t o  i n i t i a t e  rocket i gn i t i on .  A i rc ra f t  a t t i tude-angle  s e t t i n g s  were recorded 
t o  subs tan t ia te  t h e  angle a t  which launch w a s  made. 
away" were a l s o  recorded. 

Rocket i gn i t i on  and "rocket 

TEST PROCEDURE 

The F-104A prelaunch maneuver w a s  e s s e n t i a l l y  the  same f o r  each of t h e  f i v e  
launches. The a i rp l ane  took of f  from Edwards A i r  Force Base, Calif . ,  climbed t o  
a given a l t i t u d e ,  accelerated t o  a given Mach number, s t ab i l i zed  on speed, 
a l t i t u d e ,  and heading f o r  30 seconds p r i o r  t o  pull-up t o  allow erec t ion  of t h e  
LABS, and a t  a predetermined geographical l aunch- in i t i a t ion  point  performed a 
pull-up a t  a spec i f ied  value of g u n t i l  t h e  required angle of a t t a c k  w a s  
a t t a ined .  This angle was maintained u n t i l  t he  a i r c r a f t  reached t h e  pre-se t  
p i t c h  angle, a t  which time the  rocket w a s  automatical ly  launched by the  LABS. 
To insure  accuracy of t h e  a i rp l ane  p i t ch  angle a t  launch, t h e  maximum and minimum 
pitch-angle switches were adjusted t o  kO.5" of t he  desired value.  
a t t a c k  l i m i t s  were nominally +lo from t h e  desired angle except f o r  launches 4 
and 5 i n  which t h e  l i m i t s  were increased t o  kl.5". 

The angle-of- 

To prevent inadvertent  i gn i t i on  of t h e  rocket motor while it was at tached 

Schematics 
t o  the  launch a i r c r a f t ,  an e l e c t r i c a l  c i r c u i t  w a s  designed t h a t  required actua-  
t i o n  of 10 switches before  current  could reach the  rocket i g n i t e r .  
of t h e  e l e c t r i c a l  c i r c u i t  and a t y p i c a l  launch maneuver f o r  a model A second- 
s tage  vehicle  a r e  presented i n  f igu res  7 and 8, respec t ive ly .  
numbers on the  drawings depic t  t he  switching sequence throughout t he  launch 
maneuver. For example, j u s t  p r i o r  t o  a i r c r a f t  t ax i ing ,  a ground crewman closed 

switch 0. Then, when the  p i l o t  ra i sed  t h e  gear,  switch @ closed. During the  

acce lera t ion  t o  t h e  desired Mach number, t h e  p i l o t  closed switch 0. Switch @ 
w a s  then closed and could be opened a t  any time by the  p i l o t  t o  prevent a launch. 

Switch @ w a s  closed j u s t  a f t e r  pull-up i n i t i a t i o n  t o  lower t h e  launcher racks.  

Rack down-limit switches @ and 0 closed when the  racks became f u l l y  extended. 

When the  proper angle of a t t a c k  w a s  a t ta ined ,  switch @ closed.  

closed when t h e  a i r c r a f t  passed through t h e  proper p i t ch  a t t i t u d e ,  completing 

the  c i r c u i t  t o  ac tua t e  the  firing relay,  switch @ ,  which applied current  t o  
the  rocket i g n i t e r .  

The c i r c l e d  

Switch @ 



DISCUSSION AND RESULTS 

The primary purpose of this test program--to investigate some of the opera- 
tional aspects and the practicability of using the energy input of an airplane as 
a first-stage booster for atmospheric sounding rockets--was accomplished. 
Several problems encountered during the testing are discussed in this section. 

Aircraft Launch Maneuver Problem 

Prior to the first launch, approximately 40 practice flights were made to 
perfect pilot technique and the ground-control coordination necessary to achieve 
repeatablility of maneuver and initial conditions at launch. Early in this 
portion of the program, airplane and maneuver incompatibility was manifested by 
severe engine-compressor stalls, engine overtemperature, and flameout. The 
flameouts occurred, in most cases, ''on top" prior to recovery and were attributed 
to a combination of high altitude (55,000 ft), low airspeed (40 K I A S  or below), 
an excessive angle of attack (8"), and engine-throttle movement (for example, 
either out of afterburning position to military power or to idle). 
flights, the throttle was not moved from the full-burning position during the 
maneuver, regardless of burner blowout, until a velocity of 300 K I A S  or an 
altitude of less than 40,000 feet was reached during recovery. This procedure 
eliminated flameouts and compressor stalls, and succeeding flights were unevent- 
ful in this respect. However, initiation of the launch maneuver for the high- 
angle launches was lowered from 25,000 feet to 21,500 feet or less to provide the 
aircraft with more airspeed (120 K I A S )  over the top. 
tion characteristics of the F-104 are dependent upon ambient temperature, the 
maneuver-initiation altitude was lowered in some instances to insure the desired 
Mach number at pull-up. 

On subsequent 

Inasmuch as the accelera- 

Launch Maneuvers 

Figures 9(a) to 9(d) present time histories of the launch-aircraft perform- 
ance from pull-up to rocket launch of the model A vehicles. The pilot did not 
report any undue difficulty in performing these maneuvers except in the transonic 
region just prior to launch in which pitching oscillations were induced. To 
maintain an unobstructed line of sight to the second-stage vehicle's radar 
beacon prior to launch, and to use the available impact area in the vicinity of 
Edwards Air Force Base, it was necessary to make an "over-the-shoulder" type of 
maneuver for launches 1 and 2. Launches 4 and 5, the other model A launches, 
were made at the Pacific Missile Range End used the Range impact area. The 
maneuver for these launches differed from the one used in launches 1 and 2 in 
that the rocket was fired before the vertical position was attained. Recovery 
from the model A launches resulted in peak altitudes of about 45,000 feet and an 
airspeed of approximately 120 knots. 

I The model B vehicle (launch 3) was launched at a low attitude angle of 38", 
an altitude of 52,000 feet, and a Mach number of 1.4. 
ver consisted of a rollover and pull-through after launch, which resulted in a 

Recovery from this maneu- 



maximum a l t i t u d e  of 75,000 f e e t  with a Mach number of 0.80. 
a time h i s t o r y  of t h e  launch-a i rc raf t  performance from pull-up i n i t i a t i o n  t o  
second-stage launch f o r  t h e  model B vehic le .  
t h i s  t o  be t h e  e a s i e s t  t o  perform of t h e  th ree  d i f f e r e n t  maneuvers. 

Figure 10 presents 

A s  an t ic ipa ted ,  t h e  p i l o t s  reported 

Launcher System and Rocket Tes ts  

To determine launcher system and rocket compatibil i ty,  two ground-launch 
t e s t s  were made before an a i r  launch was attempted. For these  t e s t s ,  a spare 
MB-1 rack and t h e  Sidewinder rack used f o r  subsequent a i r  launches were mounted 
on a s t e e l  A-frame, and two spec ia l ly  c a s t  Viper I - C  motors of 0.2-second t h r u s t  
dura t ion  were f i r e d  from t h i s  configuration. Both tests were successful,  and 
c lean  separa t ion  w a s  achieved. 

I n  view of t he  exce l len t  s a f e t y  and r e l i a b i l i t y  h i s t o r y  of t h e  Viper I - C  
motor, only a minimum amount of t e s t i n g  was considered t o  be necessary t o  r a t e  it 
as acceptable f o r  launching from a manned a i r c r a f t .  
mounting a Viper I - C  motor on t h e  launch a i r c r a f t  and performing a Model A type 
of launch maneuver which subjected t h e  motor t o  t h e  s t r e s s e s  and temperatures 
encountered on an a c t u a l  launch. Two t e s t s  were made, on separate days, with 
two d i f f e r e n t  motors. Af te r  t h e  t e s t s ,  t h e  g ra ins  were X-rayed and compared t o  
X-rays taken when t h e  motors were produced. 
f i r e d ,  and t h r u s t  and chamber-pressure recordings were made f o r  comparison with 
t h e  nominal c h a r a c t e r i s t i c s  of t h e  Viper I - C  motor. No abnormalit ies were noted, 
and t h e  motor w a s  considered t o  be acceptable f o r  a i r  launching. 

This t e s t i n g  consisted of 

The motors were then s t a t i c a l l y  

Test Results 

Table I presents  a summary of t h e  a i rp l ane  f l i g h t  conditions a t  launch and 
the  subsequent maximum rocket performance. The model B vehicle,  which w a s  not 
equipped with an onboard radar beacon, w a s  not successfu l ly  tracked; however, 
t h e  dura t ion  of t h e  payload telemetry s igna l  indicated tha t  t h e  f l i g h t -  
performance predic t ions  were e s s e n t i a l l y  met, i n  t h a t  a telemetry s igna l  w a s  
received f o r  210 seconds of t h e  260 seconds predicted f l i g h t  time. 
da ta  were obtained on launch 4 because of a rocket-beacon f a i l u r e .  From t h e  
maximum a l t i t u d e s  and ranges t o  impact f o r  t h e  model A vehicles l i s t e d  i n  
t a b l e  I, it i s  apparent t h a t  impact-area pred ic t ions  were impossible t o  make with 
any sens ib le  accuracy. This problem w a s  encountered during another similar 
program ( r e f .  3 )  . 

No f l i g h t  

CONCLUDING REMARKS 

From a l imi ted  f l i g h t  test  program i n  which an  F-104A a i r p l a n e  w a s  used t o  
launch so l id - fue l  sounding rockets, t h e  following comments may be made: 

I 
The method employed i n  t h e  t e s t s  t o  u t i l i z e  the  energy of an a i rp l ane  as a 

f i r s t - s t a g e  booster and launcher f o r  sounding rockets was p r a c t i c a l .  



The a i r c r a f t  launch maneuver t o  a t t a i n  t h e  des i red  launch parameters w a s  
repeatable, and provided a means of con t ro l l i ng  the  f l i g h t  parameters a t  second- 
stage i g n i t i o n .  

Care should be exercised i n  matching t h e  des i red  launch conditions with the  
a i r p l a n e ' s  operational c h a r a c t e r i s t i c s .  

By modifying ex i s t ing  off-the-shelf  hardware, launcher systems could be 
mounted on other types of high-performance a i rp l anes  f o r  air-launching sounding 
rockets.  

This method has t h e  advantage of providing an extremely f l e x i b l e  launching 
point, i n  t h a t  it i s  l imi ted  only by t h e  range of t h e  launch a i rp l ane  from a 
su i t ab le  , i r f i e l d .  

The major savings i n  cos t  i n  t h i s  type of operation i s  rea l ized  from t h e  
recovery of t h e  f i r s t - s t a g e  boos te r .  

The impact-area w a s  impossible t o  pred ic t  with any sens ib le  accuracy f o r  
launches made a t  high a t t i t u d e  angles.  

F l igh t  Research Center, 
National Aeronautics and Space Administration, 

Edwards, Calif ., October 1.9, l s 2 .  
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Figure 3.- Artist's conception of aircraft at launch attitude. Model A vehicle. 
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Diameter - 8 feet 
Weight of sphere - 1.11 pounds 
Inflation medium - 0.14 pound of isopentane 

0.02 pound of water 

Figure 5.- Payload of model A vehicle. 
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(a) Launch 1. 

Figure 9.- Time history of launch-airplane performance from pull-up to launch 
for the model A vehicle. 
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Figure 9.-  Continued. 
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Figure 9. - Continued . 
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(d)  Launch 5 .  

Figure 9.- Concluded. 
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Figure 10.- Time history of launch-airplane performance from pull-up to launch 
for the model B vehicle. Launch 3. 
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